Previously the authors reported that thyroid peroxidase is bound mainly on the membranes of rough-surfaced endoplasmic reticulum. In the present paper , the question whether the enzyme is also contained in other subcellular organelles in the cells or not was investigated. Attempts to isolate plasma membranes and Golgi membranes were made , being monitored by following Na+, K+-ATPase and galactosyltransferase activities , respectively, through differential centrifugation and twice-repeated sucrose gradient centrifugation. The final preparations showed properties characteristic of these membranes and specific activities comparable to those of reported preparations of liver , but revealed practically no peroxidase activity. The buoyant densities of the Na+ , K+-ATPaseand galactosyltransferase-associated particulates were around 1.136 and 1.154 , respectively, while that of peroxidase-associated particulates (rough-surfaced endoplasmic reticulum) was about 1.192. Isolated nuclei did not show any peroxidase activity and the behaviour of both mitochondria and lysosomes was different from that of the peroxidaseassociated particulates. Thus, all the results obtained in the present experiments are not favorable to the view that peroxidase is located in nuclei, mitochondria , lysosomes, Golgi apparatus and plasma membranes (microvilli) of thyroid cells.
It is well established that the thyroid gland involves a peroxidase (EC 1.11.1.7) which takes a central role in the iodination of thyroglobulin and synthesis of thyroxine. Most biochemical studies indicated that the enzyme is not in a soluble state in the cells but (Hosoya et al., 1962; Klebanoff et al., 1962; DeGroot and Davis, 1962; Benabdeljlil et al., 1967; Ljunggren and Akeson, 1968; Nagataki et al., 1973) . Attempts to solubilize the enzyme from the particulates and to purify it have been made in several laboratories, agreeing with each other on the point that the enzyme is of a hemoprotein nature Morrison, 1967a, 1967b; Ljunggren and Akeson, 1968; Taurog et al., 1970; Nagasaka et al., 1971; Danner and Morrison, 1971; Pommier et al., 1972) . However, a concensus has not been attained on the site of the enzyme in the cells. Peroxidase has been reported to be present in Golgi apparatus (Strum and Karnovsky, 1970) , mitochondrial fraction (Taurog, 1970) , nuclear envelopes (Nakai and Fujita, 1970; Strum and Karnovsky, 1970) , colloid lumen (De Robertis and Grasso, 1946; Strum and Karnovsky, 1970) and microvilli (Benabdeljlil et al., 1967; Taurog, 1970; Tice and Wollman, 1972) . The location of peroxidase in microvilli was thought by these workers to be relevant to silver grains of radioiodine observed in a number of autoradiographic studies (Nadler and Leblond, 1955; Stein and Gross, 1964; Fujita, 1969 ; Nadler and Chajut, 1972) . On the other hand, the results the present authors obtained in biochemical experiments invari-ably indicated that the major site of the enzyme is presumably membranes of rER* 1) (Hosoya and Ui, 1961; Hosoya et al., 1963; Hosoya and Morrison, 1967b; Hosoya et al., 1971) . These studies, however, did not rule out the possibility that the enzyme may be also present to even a small degree in other organelles in the cells. The present paper describes the results of a further survey for peroxidase activity in thyroid cells. A preliminary account of this work has already been presented (Hosoya et al., 1973 reticulum; rER, rough-surfaced endoplasmic reticulum; sER, smooth-surfaced endoplasmic reticulum; Na , K+-ATPase, Na+, K+-stimulated adenosine triphosphatase (EC 3.6.1.3); medium A, 0.25M sucrose containing 0.1 mM MgCl2 and 20mM Tris-HCl buffer, pH7.4; medium B, 0.5M sucrose containing 37.5 mM Tris-maleate buffer, pH .5, and 5 mM MgCl2; medium C, 0.25M sucrosse containing 3 mM CaCl2; medium D, 2.2M sucrose containing 3mM CaCl2. *2) Indicating always average values for gravity force as used in our previous papers. *3) Previously , the corresponding fraction was referred to as Fraction M+L (Hosoya et al., 1971) , but here this fraction is referred to as Fraction M for the sake of convenience. *4) Percentage of sucrose solution is always expressed by weight/weight. the formation of N-acetyllactosamine was checked using an authentic compound (a gift from Prof. Yoshizawa) by paper chromatography (Solvent system, n-propanol: ethylacetate: water=7:1:2 v/v; Rf= 0.313, 0.388 and 0.524 for N-acetyllactosamine, galactose and N-acetyl-D-glucosamine, respectively). UDP [14C] galactose, uniformly labeled (234 mCi/ mmole), was obtained from the Radiochemical Center, Amsterdam, UDP-galactose from Sigma Chemical Corp. and N-acetyl-D-glucosamine from Nakarai Chemical Ltd. Protein and RNA were determined as described previously (Hosoya et al., 1971) . DNA was determined by Burton's method (1956) using calf thymus DNA (Sigma Chemical Corp.) as standard.
Results
Na+, K+-ATPase-associated plasma membranes
The isolation of plasma membranes is usually conducted by assaying 5'-nucleotidase, Nat , K+-ATPase, alkaline phosphatase, leucine aminopeptidase or adenyl cyclase (Depierre and Karnovsky, 1973) . Among these enzymes, we employed Na+, K+-ATPase because the enzyme was biochemically confirmed to be located in the plasma membrane fraction of thyroid (Wolff and Jones, 1971 ) and stained histochemically in microvillous cell border of apical plasma membranes (Shimazaki et al., 1967) . The chemical and enzymatic composition, together with the electron microscopic observation, indicated that our preparation consists mainly of plasma membranes, as described elsewhere (Nagai and Hosoya, 1974) . The data shown in Table 1 indicate that proxidase was excluded by the second sucrose gradient centrifugation and not present in the
Golgi membranes
For the isolation of Golgi membranes, galactosyltransferase was employed as a marker enzyme because this enzyme was found to be involved in the thyroidal Golgi apparatus (Herscovics, 1969; Bouchilloux et al., 1970) . The cytoplasmic extract in 0,5 M sucrose was The isolation procedure of these fractions is described in Materials and Methods.
In the left hand figure, (A), the sum of F 1, F 2 and F 3 was taken as 100 (absolute values of galactosyltransferase and peroxidase being 107 units/g tissue and 0.100 GU/g tissue, respectively). In the right hand figure, (B) , the specific activity of F 2 was taken as 1.0 (absolute values of galactosyltransferase and peroxidase being 7.82 units/mg protein and 0.0056 GU/mg protein, respectively). Mean values for the two experiments were presented.
separated by the successive centrifugation into three particulate fractions (F 1, F 2 and F 3), and then the second fraction; F 2, was further subjected twice to discontinuous sucrose gradient centrifugation. The result depicted in Figure 1 indicates that galactosyltransferaseassociated particulates showed a tendency to sediment at a lower centrifugal force and to be et al., 1971), while peroxidase activity in F 2-1-1 was extremely small. Confirming these results, it was found by electron microscopy that the fraction scarcely contains any rER but contains sac-and tubular-like vesicles and small fragments similar to those found in the case of liver by Fleischer and Fleischer (1970) . In order to compare the buoyant density of galactosyltransferase-associated particulates with that of peroxidase-bound ones, F 2-1-1 and F 2-1-2 were subjected to isopycnic centrifugation, together with F 2-2-1 and F 2-2-2 which were derived from the peroxidase-rich fraction, F 2-2. For comparison, a Na+, K+-ATPase-rich fraction, M3-1-1, prepared as described above, was also run parallel with them. After 15-hr centrifugation, protein in each fraction was distributed as depicted in Figure 2 , showing each of the main bands located at different levels. The peaks of the protein concentration in these fractions were at densities of 1.136, 1.154, 1.163, 1.192 and 1.218 g/cm3 for M 3-1-1, F 2-1-1, F 2-1-2, F 2-2-1 and F 2-2-2, respectively. Specific activities of four enzymes at the peak are shown in Figure 3 . This figure indicates that peroxidase was not encounted in galactosyltransferase-rich fraction while the latter enzyme was somewhat distributed in F 2-1-2 (presumably sER) and F 2-2-1 (rER). No peroxidase was found in the peak fraction of M 3-1-1 (plasma membranes) or of F 2-2-2 (mitochondria).
Lysosomes
Our previous results suggested that, although the distribution of acid phosphatase activity considerably overlapped with that of peroxidase activity, peroxidase may not be related to lysosomes in view of a difference in the pattern of specific activity of the two enzymes in subcellular fractions (Hosoya, 1963; Hosoya et al., 1971) . This has been further confirmed from the results depicted in Figure  4 . In this experiment, an acid phosphataserich fraction, Fraction La, (see Hosoya, A: Na+, K+-AT Pase G: Gatactosyltransferase P: Peroxidase C: Cytochrome oxidase Figure  4 were rough microsomes as found in Fraction IV of the previous paper (Hosoya et al., 1971) .
Nuclei
The nuclei of thyroid cells were isolated and purified essentially by the method of Amano (1967) . When examined with both light and electron microscopes, the crude preparation was still seen to be contaminated with cytoplasmic elements, while the purified preparation contained practically no contaminants. In agreements with these observations, peroxidase activity was not found in the purified nuclei, as shown in Table 2 .
Discussion
Although the presence of thyroid peroxidase on nuclear envelopes was reported in some histochemical studies at the electron microscopic level (Strum and Karnovsky, 1970; Nakai and Fujita, 1970; Tice and Wollman, 1972) , the results of most biochemical studies were not favorable to the view (Hosoya et al., 1962; DeGroot and Davis, 1962; Hosoya et al., 1971; Nagataki et al., 1973) . The present experiments on purified nuclei also failed to demonstrate the enzyme in the nuclear preparation (Table 2 ) and caused us to focus our attention on cytoplasm and plasma membranes. Since the major site of the enzyme has been found in ER (Hosoya et al., 1971 , the present study has been devoted to examining whether the enzyme is located in other organelles like mitochondria, lysosomes, Golgi apparatus or plasma membranes.
The present experimental results obtained by sucrose gradient centrifugation (Fig. 2 and Fig. 3) .14, (Fleischer and Fleischer, 1970; Morre et al., 1970) , because the galactosyltransferase activity had a peak in a fraction with density of 1.154 (Fig.3) . (Lee et al., 1969 ; Breillat, 1973) , and these coincide with densities at a peak peroxidase activity of F 2-2-1, 1.192, and of F 2-1-2 ,1 .163. The density of mitochondria of pig thyroid, 1.218, also agrees with the reported values for rat liver, 1.217 (Beaufay et al ., 1959) .
Whether peroxidase exists on microvillous cell border is an important problem, in view of its relationship to the iodination of thyroglobulin. Although some workers reported the presence of the enzyme on microvilli by histochemical studies (Strum and Karnovsky , 1970; Tice and Wollman, 1972) and by biochemical studies (Benabdeljlil et al., 1967; Taurog; 1970) , the present experimental results on isolated plasma membranes did not offer evidence favorable to the idea. In the manipulation for isolation, we employed, as a marker enzyme, Na+, K+-ATPase which was reported to be located on apical membranes as well as basal membranes (Shimazaki et al., 1967) and took advantage of the difference in density for its separation from other organelles. Therefore, it is expected that the fragments of microvilli, as a portion of apical membranes, should come into the preparation. It seems to be quite improbable that the density of microvilli is as great as that of rough microsomes.
In conclusion, the reasonable deduction from this study is that it is unlikely that peroxidase is contained in nuclei, mitochondria, lysosomes and plasma membranes, although it is usually difficult to draw conclusion about the complete absence of anything. Thus, the site of peroxidase must be almost confined to rER and sER as mentioned previously (Hosoya et al., 1971 . It remains to explain the relationship of the site of peroxidase to the iodination of thyroglobulin. We wish to deal with this problem in the next paper which is to describe the experimental results concerning the site of iodination of thyroglobulin.
